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© Fluoroslllcone polymer and curable fluoroslllcone polymer composition. 

© A fluorosilicone polymer, and a curable composi- 
tion having utility as a release coating which contains 
the polymer, are disclosed, said polymer having the 
structure 

T(F(CF 2 ) a C 2 H* CH 3 SiO) x (RCH 3 SiO) y (QCH 3 SiO) 2 T 

wherein T is a monovalent group selected from 
triorganosiloxy radicals or hydroxyl radicals, R is a 
monovalent group selected from hydrocarbon radi- 
cals or substituted hydrocarbon radicals, Q is an 
alkenyl radical having 4 to 8 carbon atoms, a is an 
integer having a value of at least 4, x, and z are 
integers, each having a value of at least 1, y is an 
interger having a value of 0 or at least 1, with the 
proviso that (x + y + z) 2 50, x/(x + y + Z ) £ 0.25 
and z/(x + y + z) £ 0.1. 
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This invention relates to a type of fluorosilicone 
polymer and to a curable fluorosilicone polymer 
composition. 

In the prior art, it has been known for a long 
time that by forming a peelable curable coating on 
the surface of various substrate materials such as 
paper, synthetic resin film, synthetic fiber cloth, 
etc., it is possible to obtain a material which dis- 
plays a release property with respect to pressure- 
sensitive adhesive or other adhesive substances. 
Usually, a curable organopolysiloxane composition 
is used as the material for forming the release 
coating. Examples include curable organopolysilox- 
ane compositions made of vinyl radical-containing 
organopolysiloxane, organohydrodienepolysiloxane 
having silicon-bonded hydrogen atoms, organic 
compound having perfluoroalkyl radicals, and a 
platinum series compound (see Japanese Kokoku 
Patent Application No. Sho 63-48901) or curable 
organopolysiloxane compositions made of dior- 
ganopolysiloxane containing fluoroalkyl radicals 
and vinyl radicals, organohydrogenpolysiloxane, 
and a platinum series compound (Japanese Kokai 
Patent Application No. Sho 63-320). However, for 
these conventional types of curable or- 
ganopolysiloxane compositions, the curing rate is 
low, and the release character is poor. 

The object of this invention is to solve the 
aforementioned problems by providing a type of 
fluorosilicone polymer composition characterized 
by the fact that it has a high curing rate and it can 
form a cured coating with a low surface tension 
after curing. This invention also provides a type of 
novel fluorosilicone polymer used as the main 
component of the aforementioned fluorosilicone 
polymer composition. 

This invention therefore provides a type of 
fluorosilicone polymer having the formula 

T(F(CF 2 ) a C 2 H* CH 3 SiO) x (RCH 3 SiO)y(QCH 3 SiO)- 
2 T (1) 

where T represents a trioganosiloxy radical or 
hydroxyl radical; R represents a monovalent hy- 
drocarbon or substituted hydrocarbon radical, Q 
represents a C4-8 alkenyl radical, a is an integer 
equal to or larger than 4, x is an integer equal to or 
larger than 1 , y is 0 or an integer equal to or larger 
than 1, and z is integer equal to or larger than 1, 
with the proviso that (x + y + z) k 50, x/(x + y + 
z) 2: 0.25, and z/(x + y + z) £ 0.1. 

The present invention also relates to a type of 
curable fluorosilicone polymer composition com- 
prising 

(A) the above described fluorosilicone polymer 
(1); 

(B) an organohydrogenpolysiloxane which has 
two or more silicon-bonded hydrogen atoms on 



average in each molecule, said hydrogen atoms 
being bonded to different silicon atoms thereof; 

(C) a hydrosilylation catalyst; and 

(D) an optional inhibitor for the catalyst. 

5 According to this invention, the fluorosilicone 

polymer is represented by formula 

T(F(CF 2 ) a C 2 H 4 CH 3 SiOMRCHa SiO)y(QCHa SiO)- 
zT (1) 

10 

where T represents a triorganosiloxy radical or 
hydroxyl radical. Preferably, the triorganosiloxy 
radical is selected from dimethylalkylsiloxy, 
dimethylfluoroalkylsiloxy or trialkylsiloxy radicals. 
75 Examples of the triorganosiloxy radicals that may 
be used include trimethylsiloxy radical, dimethyl- 
vinylsiloxy radical, 5-hexenyldimethylsiioxy radical, 
F(CF 2 ) a C 2 H^(CH 3 ) 2 SiO radical, etc. In formula (1), 
R represents a monovalent hydrocarbon radical 

20 having 1 to 12 carbon atoms, such as methyl 
radical, ethyl radical, or other alky I radical; phenyl 
radical or a substituted hydrocarbon radical, such 
as, trifluoropropyl radical. Preferably, R has £ 6 
carbon atoms, methyl radical being preferred. Q 

25 represents an alkenyl radical having 4 to 8 carbons, 
such as hexenyl radical, heptenyl radical, butenyl 
radical, and pentenyl radical. Among them, hexenyl 
radical is preferred. The subscript "a w represents 
an integer equal to or larger than 4, usually 12 or 

30 smaller, such as 4, 6, or 8. The subscript "x" 
represents an integer equal to or larger than 1 . The 
subscript w y" represents 0 or an integer equal to or 
larger than 1. The subscript "z n represents an 
integer equal to or larger than 1. The sum of x, y, 

35 and z, that is, (x + y + z), is an integer equal to or 
larger than 50, x/(x + y + z) is £ 0.25, z/(x + y + 
z) is 0.1 or smaller. 

According to this invention, the units of (F- 
(CF 2 ) a C 2 HACH 3 SiO) in the fluorosilicone polymer 

40 are the necessary structural units needed for realiz- 
ing a low surface tension. The units of (QCHaSiO) 
are the units needed for obtaining the curable 
composition. According to this invention, when a 
vinyl radical or ally I radical is used in place of Q in 

45 the fluorosilicone polymer, the curing rate de- 
creases or a completely cured coating cannot be 
formed. That is, it has been found that the units of 
(QCH 3 SiO) are needed for realizing a high curing 
rate and for realizing a completely cured state. 

50 Although the reason is not yet clear, it is believed 
that, because the fluoroalkyl side chains of the 
units of (F(CF 2 )aC 2 HACH 3 SiO) are long, the short 
side chains such as vinyl radicals or allyl radicals, 
could be sterically hindered. 

55 According to this invention, the fluorosilicone 

polymer is used as the main component of the 
following listed curable composition. That is, the 
curable fluorosilicone polymer composition com- 
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prises the following components: 

(A) The fluorosilicone polymer represented by 
formula (1), (B) an organohydrogenpolysiloxane 
which has on average two or more silicon-bonded 
hydrogen atoms in each molecule, with these hy- 
drogen atoms bonded to different silicon atoms, (C) 
a hyd rosily lation catalyst, and (D) an optional in- 
hibitor for the hyd rosily lation catalyst. 

According to this invention, the or- 
ganohydrogenpolysiloxane (B) used in the curable 
fluorosilicone polymer composition is a crosslinking 
agent for component (A). In order to act as a 
crosslinking agent, it has to have two or more 
silicon-bonded hydrogen atoms in each molecule. 
Examples of the organohydrogenpolysiloxane in- 
clude: 

i) (CH 3 ) 3 S!0((CH 3 )2SiO) p (CH3HSiO) q Si(CH3)3 - 
(where p and q are integers equal to or larger 
than 2); 

ii) (CH 3 ) 3 SiO(F(CF 2 ) a C 2 H 4 CH 3 SiOMCH 3 HSiO)- 
q Si(CH 3 ) 3 (where r and q are integers equal to 
or larger than 2); 

iii) 

(CH 3 ) 3 SiO(F(CF 2 ) a C 2 KU CH 3 SiO) r (CH 3 SiO) p - 
(CH 3 HSiO) q Si(CH 3 ) 3 (where p, q and r are in- 
tegers equal to or larger than 2, and a is an 
integer equal to or larger than 4); 
i v) (CH 3 h HSiO(F(CF 2 ) a C 2 H 4 CH 3 SiO] r - 

(CH 3 HSiO) q SiH(CH 3 )2(where r and q are inte- 
gers equal to or larger than 2); 

v) (CH 3 ) 2 HSiO(F(CF 2 ) a C 2 H 4 C H 3 SiO) r ((CH 3 )- 
2 SiO) p (CH 3 HSiO) q SiH(CH 3 )2 (where p, q and r 
are integers equal to or larger than 2, and a is 
an integer equal to or larger than 4); 

vi) (CH 3 ) 2 HSiO(F(CF 2 ) a C 2 H 4 CH 3 SiO) r ((CH 3 )- 
2 SiO) q SiH(CH 3 ) 2 (where r and q are integers 
equal to or larger than 2); and 

vii) copolymers made of methyl- 
(perfluorobutylethyl)siloxane units, dimethyl- 
hydrodgen siloxane units, and Si0 2 units etc. In 
particular, in order to have a good compatibility 
with component (A), the above types (ii), (iii), 
(iv), and (v) are preferred. 

The amount of this component should be ap- 
propriate to ensure that the ratio of the molar 
amount of the silicon-bonded hydrogen atoms in 
this component to the sum of the molar amount of 
the alkenyl radicals in the composition is in the 
range of (0.5:1 )-(20:1 ), preferably in the range of 
(0.5:1-3:1). Usually, for 100 parts by weight of 
component (A), its amount is in the range of 0.3-40 
parts by weight. This is because if the amount of 
component (B) is too small, the cure rate is too 
low. On the other hand, if the amount of component 
(B) is too large, the peeling property of the cured 
coating tends to decrease. 

According to this invention, the catalyst for the 
hydrosilylation reaction used as component (C) is a 



catalyst for crosslinking and curing components (A) 
and (B). Examples include micron-size platinum 
particles adsorbed on a carbon powder carrier, 
chloroplatinic acid, alcohol-modified chloroplatinic 

5 acid, olefin complex of chloroplatinic acid, coordi- 
nation compounds of chloroplatinic acid and 
divinyldisiloxane, platinum black, palladium, rhodi- 
um catalyst, etc. The amount of the component is 
appropriate for a catalyst. Usually, for 1 million 

w parts by weight of component (A), the amount of 
the catalyst should be in the range of 0.1-100 parts 
by weight. 

According to this invention, the optional inhibi- 
tor for the hydrosilylation catalyst used as compo- 

75 nent (D) acts to suppress the catalytic activity of 
the hydrosilylation catalyst at room temperature, 
and it is used to improve the storage stability of 
this composition at room temperature. Examples of 
component (D) include 3-methyl-1-butyn-3-ol, 3,5- 

20 dimethyl-1-hexyn-3-ol, 3-methyl-1-pentyn-3-ol, 
phenylbutynol, and other alkynyl alcohols; 3- 
methyl-3-pentene-1 -yne, 3,5-dimethyl-1 -hexene-3- 
yne, (tetramethylvinylsiloxane) cyclic compound, 
bis(2-methoxyisopropyl) maleate, and ben- 

25 zotriazole. 

If needed, the composition may also be diluted 
with an organic solvent. Examples of the organic 
solvents that may be used include tetrahydrofuran 
and other ethers; methyl isobutyl ketone and other 

30 ketones; trifluorotoluene, hexafluoroxylene, and oth- 
er aromatic hydrocarbons; trichloroethylene, perch- 
loroethylene, 1,1,1-trichloroethane, dichloroethane, 
1,1,2-trichlorotrifluoroethane, and other halogenated 
hydrocarbons; CHCI 2 CF 3 , CH 3 CCI 2 F and other 

35 HCFC-type solvents, inter alia. It is preferred that 
the aforementioned organic solvents be used so as 
to improve the storage stability of this composition 
and to improve the coatability on various types of 
substrates. 

40 The composition of this invention can be manu- 

factured easily by blending said components (A)- 
(D) or by blending components (A)-(D) together 
with the organic solvent to form a uniform mixture. 
The curable fluorosilicone polymer composition 

45 of this invention can be coated on the surface of a 
glass plate, metal sheet, paper, synthetic resin film, 
cloth, or other substrates, followed by heat treat- 
ment to form a cured coating having a low surface 
tension. The heat treatment may be performed at a 

so temperature in the range of 120-1 50 # C for a heat- 
ing time of 20-30 sec. The obtained cured coating 
has a low surface tension, and hence it has an 
excellent mold release property, and the cured 
coating also has excellent water repel lency, and oil 

55 repellency. In addition, it displays an excellent 
mold release property with respect to adhesives, in 
particular the pressure-sensitive silicone adhesives. 
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As explained above, the fluorosilicone polymer 
of this invention is useful as the feed material for 
forming a cured coating having a low surface ten- 
sion. In addition, for the curable fluorosilicone poly- 
mer composition of this invention, because a cured 5 
coating with a low surface tension can be formed 
after curing, it can be used to form a cured coating 
with an excel lent, mold release property, water re- 
pellency and oil repellency. in addition, it can be 
used as a mold release agent for silicone pressure- 10 
sensitive adhesive. 

In the following, this invention will be explained 
in more detail with reference to the examples. In 
these examples, Vi represents vinyl radical. 

75 

Example 1 

Five grams of zinc oxide, 100 g of xylene 
hexafluoride, and 70 g of ethyl acetate were loaded 
in a flask, followed by heating with reflux. Then, 20 
while being stirred, a mixture of 122 g of F(CF 2 )- 
8 C 2 H4CH 3 SiCI 2> 1 g of CH2 - CHG« Hb CH3 SiCfe , 
and 45 g of xylene hexafluoride were added drop- 
wise. After addition was completed, heating with 
reflux was continued for 2 hours, followed by cool- 25 
ing. Then 100g of water and 45 g of hydrochloric 
acid were added. The separated organic layer was 
further washed with water till it was neutral, fol- 
lowed by removal of ethyl acetate, thus forming an 
oil-like substance. The oil-like substance was ana- 30 
lyzed by n^eans of gel permeation chromatography 
(GPC) using monodisperse polydimethylsiloxane as 
a standard, and it was found that the weight aver- 
age molecular weight (Mw) of the polymer formed 
was 6,700. Then 400 ppm of trifluorom ethane sul- 35 
tonic acid were added to the polymer for poly- 
merization at 50 *C for 10 hours, forming a polymer 
with an Mw of 50,000. From the results of the GPC 
analysis and nuclear magnetic resonance (NMR) 
analysis, it was found that the polymer had the 40 
structure: 

HO-(F(CF 2 )a O2 H4 CH 3 SiO)^ - 
(CH 2 =CHC*H 8 CH 3 SiO)4-OH 

45 

Example 2 

Four hundred grams of water were loaded into 
a flask. While the contents were stirred, a mixture 
of 361 g of F(CF 2 )*C 2 hUCH 3 SiCI 2 , 129 g of (CH 3 )- 50 
2 SiCI 2l 4 g of CH 2 = CHC 4 HaCHgSiCfe, and 500 g 
of heptane was added dropwise. After the end of 
this addition, stirring was continued for 2 hours, 
and then it was allowed to sit. The separated 
organic layer was further washed with water to 55 
neutralize it. Then a water trap was installed to 
remove the water by heating at reflux. The heptane 
was removed under a reduced pressure to provide 
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an oil-like substance. Then 3.9 g of a compound 
represented by (CH 3 ) 2 ViSiO((CH 3 )2SiO)ioSi(CH3)- 
2 Vi and KOH in an amount appropriate to ensure a 
Si/K ratio of 5C00 were added, followed by poly- 
merization at 110° C for 10 h. Carbon dioxide gas 
was blown into the aforementioned reaction system 
for neutralization, followed by removal of the vola- 
tile components under a vacuum to result in an oil- 
like polymer. From the analytical results, it wzs 
found-that the polymer had the structure: 

(Cr! 3 )2ViSl":^(CF2)4C 2 H-vCH 3 SiO) 2 oo((CH 3 ) 2 SiO)- 
200 (CH 2 = CHC4K 3 CH 3 SiOKSi(C: bfeVi 

Example 3 

Twenty grams of the polymer obtained in Ex- 
ample 1, 1 g of the compound represented by 
fcrmu;- (OK 3 ) 2 HSiO(F(CF 2 )* C 2 H* CH 3 SiO) 3 ((CH 3 )- 
2 ?iO) £ ;CHcHSiO)3Si(C;H3) 2 H and 40 g of 1,1,2- 
trichlcrotrifiucrcethanc were blended uniformly. 
Then O/. l of bis(2-methoxyisopropyl) maleat3 
and a ccmple;; o? chloroplatinic acid and divinyl- 
tetrc:T3'J^ylsi:o;:an^ with £?i amount corresponding 
to 50 ppm ov me^ilic platinum were added 'and 
blended. Tiiis composition was coated on a -glass 
p'ate, vollowad by heat treatment at 150*C for 30 
r . farcin nr. fully cured cccting. The contact 
angle of l;<o curarD c£r*j::g war measured using the 
l;*<::j:d dror'ot method *\1th the aid of 2 c6ntac>. 
an^'e r;;ete;* manul^pivred by Kyowa S.u;';-:ce 
Chemistry Co., Ltd.. Each round of moasis^mc^iV 
vtrjQ perform sd fox TO liquid droplets, and the mean 
vu!uo was theii usee* as the contact angle. It was 
four.d that the contact an^le fcr water was 121 •, 
t!ie contact sngle fcr methylene iodide was 105', 
and the. contact angle for n-hexadecane was 71 • . 

B'.urr.ole 4 

Ten grams of the polymer obtained in Example 
2, 1 g of the compound represented by formula 
(CH 3 ) 2 HSiO(F(CF 2 )r, C 2 hk CH 3 SiO) 3 ((CH 3 ) 2 SiO)c Sl- 
(CH 3 ) 2 K and 40 g of 1,1,2-trich:orotrifluoroethane 
ware biended uniformly. Then 0.01 g of bis(2- 
me;;ioxyisopr6pyl) maleate and a complex of 
chlorop!r:"::nic acid rnd divinyltetramethylsiloxane 
with an amount corresponding to 50 ppm of metal- 
lic plriinum were addec and blended. This com- 
position was coated on a class plate, followed by 
heat treatment at 150° C for 30 sec, forming a fully 
cured coating. Then the contact angle of the cured 
ccaiinc -vas measured. It was found that the con- 
tact angle for water was 110", and the contact 
an^le for methylene iodide was 80 • . 
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Comparative Example 1 



An oil-like polymer represented by the formula 
HO(F(CF 2 )b O2 H* CH 3 SiO)i 00 (CH2 = CHGH3 SiO)* - 
OH, as in Example 1, was prepared in the same 5 
way except that 0.71 g of CH 2 =CHCH 3 SiCl2 was 
used in place of 1 g of CH 2 = CHC*HsCH 3 SiCI 2 . 

Twenty grams of the polymer obtained above, 
1 g of the compound represented by formula 
<CH 3 )2 HSiO(F(CF 2 ) 4 C 2 H* CH 3 SiO) 3 ((CH 3 h Si©) 3 - . 10 
(CHsHSiOfeSKCHakH and 40 g of 1,1,2-trich- 
lorotrifluoroethane were blended uniformly. Then 
0.01 g of bis(2-methoxyisopropyl) maleate and a 
complex of chloroplatinic acid and divinyl- 
tetramethylsiloxane with an amount corresponding . 15 
to 50 ppm of metallic platinum were added and 
blended to form a curable organopolysiloxane com- 
position. This composition was coated on a glass 
plate, followed by heat treatment at 150 # C for 30 
sec. However, a fully cured coating was not 20 
formed. 

Comparative Example 2 

An oil-like polymer was prepared in the same 25 
way as in Example 2 except that 1.42 g of 
CH 2 =CHCH 3 SiCI 2 was used in place of 2 g of 
CH 2 =CHC4H 8 CH 3 SiCI 2 . Ten grams of the polymer 
obtained above, 1 g of the compound represented 
by formula (CHshHSiOfFtCFz^C^HACHaSiOJs^ 30 
(CH 3 ) 2 SiO) 8 Si(CH 3 )2H and 40 g of 1.1.2-trich- 
. lorotrifluoroethane were blended uniformly. Then 

0. 01 g of bis(2-methoxyisopropyl) maleate and a 
complex of chloroplatinic acid and divinyl- 
tetramethylsiloxane with an amount corresponding 35 
to 50 ppm of metallic platinum were added and 
blended to form a curable organopolysiloxane com- 
position. This composition was coated on a glass 
plate, followed by heat treatment at 150"C for 30 

sec. However, a fully cured coating was not ao 
formed. 

Claims 

1. A fluorosilicone polymer selected from poly- 45 
mers having the formula 

T(F(CF 2 ) a C 2 Ha CH 3 SiO) x (QCH 3 SiO) 2 T 

and . 50 

T(F(CF 2 ) a C 2 Ha CH 3 SiO) x (RCH 3 SiO) y - 
(QCH 3 SiO) 2 T 

wherein T is a monovalent group selected from 55 
triorganosiloxy radicals and hydroxyl radicals, 
R is a monovalent group selected from hy- 
drocarbon radicals and substituted hydrocar- 
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bon radicals, Q is an alkenyl radical having 4 
to 8 carbon atoms, a is an integer having a 
value of at least 4, x, y and 2 are integers, 
each having a value of at least 1, with the 
proviso that (x + y + 2) £ 50, x/(x + y + 2) £ 
0.25 and z/(x + y + z)£0.1. 

2. The fluorosilicone polymer of claim 1, wherein 
R is selected from the group consisting of 
methyl, ethyl, phenyl and trifluoropropyl radi- 
cals. 

3. The fluorosilicone polymer of claim 2, wherein 
T is selected from the group consisting of 
trimethylsiloxy, dimethylvinylsiloxy, 5-hexenyl- 
dimethylsiloxy and hydroxyl radicals. 

4. The fluorosilicone polymer of claim 3, wherein 
a is 4 to 12, inclusive. 

5. The fluorosilicone polymer of claim 4, wherein 
R is a methyl radical. 

6. The fluorosilicone polymer of claim 5, wherein 
Q is a hexenyl radical. 

7. A curable fluorosilicone polymer composition 
comprising: 

(A) A fluorosilicone polymer selected from 
polymers having the formula 

TtFCCFzJ^H+CHsSiOMQCHaSiOJzT 

and 

T(F(CF 2 ) a C 2 H* CH 3 SiO)x(RCH 3 SiO) y - 
(QCH 3 SiO) 2 T 

wherein T is a monovalent group selected 
from triorganosiloxy radicals and hydroxyl 
radicals, R is a monovalent group selected 
from hydrocarbon radicals and substituted 
hydrocarbon radicals, Q is an alkenyl radical 
having 4 to 8 carbon atoms, a is an integer 
having a value of at least 4, x, y and 2 are 
integers, each having a value of at least 1, 
with the proviso that (x + y + 2) £ 50, x/(x 
+ y + 2) £ 0.25 and 2/(x + y + 2) S 0.1; 

(B) an organohydrogenpolysiloxane having 
on average at least two silicon-bonded hy- 
drogen atoms in each molecule, said hy- 
drogen atoms being bonded to different sili- 
con atoms and the amount of said or- 
ganohydrogenpolysiloxane being such that 
the molar ratio of said silicon-bonded hy- 
drogen to total alkenyl groups in said com- 
position is 0.5:1 to 20:1; 
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(C) a curing amount of a hydrosilylation 
catalyst; and 

(D) optionally an inhibitor for said catalyst. 
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